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[57] ABSTRACT 

In order to achieve two~way communications at two differ 
ent frequencies, an impedance matching circuit is coupled to 
an antenna. The circuit includes a ?rst inductor which is 

directly coupled to the antenna. The ?rst inductor induces 
antenna input impedance to be capacitive at a ?rst resonant 
frequency and induces the antenna input impedance to be 
inductive at a second resonant frequency. The ?rst resonant 

frequency is lower than the second resonant frequency. 
Further, a ?rst capacitor is coupled to the ?rst inductor. By 
providing the ?rst capacitor, a reactance component at the 
?rst resonant frequency is-rendered substantially equal to a 
reactance component at the second resonant frequency. 
Further, the circuit includes a second inductor and a second 
capacitor which are coupled between the second means and 
a feeder. The combination of the second inductor and the 

second capacitor is provided to adjust impedance, de?ned by 
the antenna and the ?rst inductor and the ?rst capacitor, to 
characteristic impedance of the feeder at the ?rst and second 
resonant frequencies. 

3 Claims, 6 Drawing Sheets 
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FIG. 3 
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TWO-FREQUENCY IlVIPEDANCE 
MATCHING CIRCUIT FOR AN ANTENNA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates generally to an electronic 

circuit coupled to an antenna for impedance matching, and 
more speci?cally to such a circuit for impedance matching 
between an antenna and a feeder at two resonant frequencies 
via which two-way communications are established. The 
present invention is well suited for an antenna which is 
mounted on a portable radio telephone unit and thus required 
to be small in size. 

2. Description of the Related Art 
In recent years, a large number of handheld portable radio 

telephone units have been widely used and this tendency is 
ever increasing. A portable radio telephone unit communi 
cates with a base station via two channels and thus requires 
an antenna to resonate at two different frequencies. 

Before turning to the present invention it is preferable to 
brie?y discuss, with reference to FIG. 1, a known antenna 
which resonates at two different frequencies. This prior art 
is disclosed in Japanese. Laid-open Patent Application No. 
63-286008 on Nov. 22, 1988. 
As shown in FIG. 1, an antenna depicted by numeral 10 

is provided with two antenna elements 12 and 14 which 
resonate respectively at different frequencies f1 and f2 
(f1<f2). The element 12 has a rod-like con?guration while 
the other element 14 takes the form of a coil. One end of the 
coil 14 is electrically coupled to the top of the element 12. 
In order to electrically insulate the two antenna elements 12 
and 14, an insulator tube 16 is provided between the two 
elements 12 and 14. 

The element 12 is 11/2 long (where 7», is a wavelength of 
the resonant frequency f1). The coil 14 extends on the top 
portion of the element 12 over a distance (Al-7L2) and has a 
stretched length of 22/4 (where 2,, is a wavelength of the 
resonant frequency f2). 
The antenna assembly 10 has one end coupled to an 

impedance matching circuit 17 which is in turn coupled, via 
a feeder 18, to a front end (not shown) of a handheld portable 
unit (not shown). 

In order to achieve better portability, a handheld mobile 
unit antenna can be accommodated in the unit case when it 
is not used. However, It is di?icult for the antenna of FIG. 
1 to be contained in is not used in that the antenna 10 has a 
bulky top portion. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to provide 
a two-frequency impedance matching circuit via which an 
antenna coupled thereto no longer exhibits the complex 
con?guration found in the prior art. 

Another object of the present invention is to provide a 
two-frequency impedance matching circuit which is able to 
attain two-way communications at two different frequencies 
without applying any modi?cation to conventional antenna 
as in the prior art. 

One aspect of the present invention resides in techniques 
wherein in order to achieve two-way communications at two 
different frequencies, an improved impedance matching 
circuit is coupled to an antenna. The circuit includes a ?rst 
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2 
inductor which is directly coupled to the antenna. The ?rst 
inductor induces antenna input impedance to be capacitive 
resonant frequency and induces the antenna input impedance 
to be inductive at a second resonant frequency. The ?rst 
resonant frequency is lower than the second resonant fre 
quency. Further, a ?rst capacitor is coupled to the ?rst 
inductor. By providing the ?rst capacitor, a reactance com 
ponent at the ?rst resonant frequency is rendered substan 
tially equal to a reactants component at the second resonant 
frequency. Further, the circuit includes a second inductor 
and a second capacitor which are coupled between the 
second means and a feeder. The combination of the second 
inductor and the second capacitor is provided to adjust 
impedance, de?ned by the antenna and the ?rst inductor and 
the ?rst capacitor, to characteristic impedance of the feeder 
at the ?rst and second resonant frequencies. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The features and advantages of the present invention will 
become more clearly appreciated from the following 
description taken in conjunction with the accompanying 
drawings in which like elements are denoted by like refer 
ence numerals and in which: 

FIG. 1 is a diagram schematically showing a known 
antenna assembly which resonates at two different frequen 
cies, having been referred to in the opening paragraphs of 
the instant disclosure; 

FIG. 2 is a diagram schematically showing a two-fre 
quency matching circuit according to the present invention, 
the circuit being coupled to a whip type antenna; 

FIGS. 3—6 each is a diagram showing a plurality of 
impedances plotted on Smith chart at different frequencies 
for discussing the operations of the present invention, 
together with corresponding element or circuit and imped 
ance equation; and 

FIG. 7 is a graph schematically showing a relationship 
between VSWR (Voltage Standing Wave Ratio) and fre 
quency, which was obtained by way of the experiment 
conducted by the inventors. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODHVIENTS 

One preferred embodiment of the present invention will 
be discussed with reference to FIGS. 2-7. 

As shown in FIG. 2, a two-frequency matching circuit 20 
is provided between a so-called whip antenna 22 and an 
antenna feeder 23. The circuit 20 includes two inductors L1 
and L2 and two capacitors C1 and C2, all of which are 
coupled as shown. It should be noted that each of L1 and L2 
also indicates inductance while each of C1 and C2 also 
indicates capacitance in the instant disclosure. 
The circuit 20 is arranged to implement impedance 

matching at two frequencies f1 and f2 (f1<f2). By designating 
Zin as an antenna input impedance, Zin can be represented 
by 

Zin=R+j(tuL—l/toC) 

where 

R: resistance component of the antenna; 
L: inductance component of the antenna 22; and 
C: capacitance component of the antenna 22. 
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The inductor L1, coupled to the antenna 22, is such as to 
render input impedance (viZ., Zin+jmL1) capacitive at the 
lower resonant frequency f1 and inductive at the higher 
resonant frequency f2. 

In order to resonate the antenna 22 at the two frequencies 
f1 and f2, it is necessary to nullify or eliminate the reactance 
component of the input impedance (Zin+jroL1) at f1 and f2. 
To this end, the capacitor C1 is added such that the absolute 
values of the two reactance components of the input imped 
ance at the resonance frequencies f1 and f2, are rendered 
equal with each other. 

Finally, the combination of the inductor L2 and the 
capacitor C2 is provided for matching the input impedance 
Zin to a characteristic impedance of the feeder 23 (usually 
50 Q) at the two resonant frequencies f1 and f2. 

For a better understanding of the embodiment shown in 
FIG. 2, a computer simulation was conducted by the inven 
tors. The results of the computer simulation are given in 
FIGS. 3-7. 

In the computer simulation, the following values were 
inputted into a program: 

C1:20.0 pF 
L2:4.0 nH 

C2=12.0 pF 
Further, it is assumed that the antenna was 0.48 7» long. 

The resistance and capacitive reactance of the antenna input 
impedance were set to 15 Q and 2 pF, respectively. Still 
further, the two resonance frequencies f1 and f2 were set to 
840 MHZ and 940 MHZ, respectively. Still further, imped 
ances were calculated and plotted at a frequency interval of 
10 MHZ while varying the frequency applied from 810 MHZ 
to 960 MHZ. 

FIG. 3 is a diagram showing the results obtained at the 
?rst stage of the experiment. In FIG. 3, ?fteen antenna input 
impedances Zin (:2) are plotted on Smith chart at a fre 
quency interval of 10 MHZ between 810 MHZ and 960 MHZ. 
At the bottom of FIG. 3, an equation of antenna input 
impedance Zin is given for the sake of convenience. 

FIG. 4 is a diagram showing the results when the inductor 
L1 is added to the antenna 22. Fifteen impedances Z1 
(=Zin+jcoL1) are plotted on Smith chart at a frequency 
interval of 10 MHZ while changing the frequency applied 
thereto from 840 MHZ to 960 MHZ. It is understood that the 
impedance Z1 becomes capacitive at f1 (:840 MHZ) and the 
impedance Z1 is rendered inductive at f2 (=94O MHZ). 

FIG. 5 is a diagram showing the results when the capaci 
tor C1 is coupled in parallel to the inductor L1 of the circuit 
shown at the bottom of FIG. 4. In this instance, the total 
input impedance denoted by Z2 is given by 

It is understood that the values of the reactance compo 
nents of the input impedance at the resonance frequencies f1 
and f2, are substantially equal with each other. 

FIG. 6 is a diagram showing the results when the inductor 
L2 and the capacitor C2 are added to the circuit shown at the 
bottom of FIG. 5. The total impedance (depicted by Z3) is 
given by 

Fifteen impedances Z3 are plotted on Smith chart while 
varying the frequency applied thereto from 810 MHZ to 960 
MHZ. The frequency interval between adjacent dots is 10 
MHZ as in the preceding cases. As shown, the impedances 
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4 
at f1 (840 MHZ) and f2 (940 MHZ) are located in the vicinity 
of the center point of the chart which indicates 50 Q (viZ., 
the feeder’s characteristic impedance). 

FIG. 7 is a graph showing a relationship between VSWR 
(Voltage Standing Wave Ratio) and frequency, which was 
obtained from the above mentioned experiment. As illus 
trated, a relatively wide bandwidth wherein VSWR is less 
than 1.5 can be obtained ranges from the frequency less than 
f1 to that more than f2. 

In the above mentioned embodiment, the antenna 22 takes 
the form of a whip type antenna. However, the present 
invention is by no means limited to such an antenna. 

For example, the instant invention is applicable to a 
so-called inverted-F antenna such as disclosed in a paper 
entitled “FD-TD analysis of a planar inverted-F antenna 
mounted on a conductive box”, pages 713-716, in Proceed 
ings of the 1992 International Symposium on Antennas and 
Propagation, Vol. 3: Sep. 24 (Thu). 

It will be understood that the above disclosure is repre 
sentative of only one possible embodiment of the present 
invention and that the concept on which the invention is 
based is not speci?cally limited thereto. 
What is claimed is: 
1. An electric circuit provided between an antenna and a 

feeder for impedance matching at a ?rst resonant frequency 
and at a second resonant frequency, comprising: 

?rst means, coupled to said antenna, for inducing an input 
impedance of said antenna to be capacitive at said ?rst 
resonant frequency and for inducing said input imped 
ance to be inductive at said second resonant frequency, 
said ?rst resonant frequency being lower than said 
second resonant frequency; 

second means, coupled to said ?rst means, by which a 
reactance component at said ?rst resonant frequency is 
rendered substantially equal to a reactance component 
at said second resonant frequency; and 

third means, coupled between said second means and said 
feeder, for matching an impedance of said antenna and 
said ?rst and second means, to an impedance of said 
feeder simultaneously at both of said ?rst and second 
resonant frequencies to thereby allow said antenna to 
resonate at said ?rst and second resonant frequencies. 

2. An electric circuit as claimed in claim 1, wherein said 
?rst means is an inductor whose inductance value is selected 
to cause said input impedance to be capacitive at said ?rst 
frequency and inductive at said second frequency and said 
second means is a capacitor whose capacitance value is 
selected to substantially equalize reactance values at said 
?rst and second frequencies, and wherein said third means 
includes an inductor connected to a capacitor at a junction, 
said junction being coupled to said feeder. 

3. An electric circuit provided between an antenna and a 
feeder for impedance matching at a ?rst resonant frequency 
and a second resonant frequency, comprising: 

a ?rst inductor, coupled to said antenna, whose inductance 
value is selected to induce an input impedance of said 
antenna to be capacitive at said ?rst resonant frequency 
and to induce said input impedance of said antenna to 
be inductive at said second resonant frequency, said 
?rst resonant frequency being lower than said second 
resonant frequency; 

a ?rst capacitor, coupled to said ?rst inductor, whose 
capacitance value is selected to substantially equalize a 
reactance component at said ?rst resonant frequency 
and a reactance component at said second resonant 
frequency; and 
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acombination ofasecond inductor and second capacitor, neously at both of said ?rst and second resonant 
coupled between said first capacitor and said feeder, frequencies to thereby allow said antenna to resonate at 
whose values are selected to match an impedance of said ?rst and second resonant frequencies. 
said antenna and said ?rst inductor and said ?rst 
capacitor, to an impedance of said feeder simulta- * * * * * 


